
(12) United States Patent 
Atarashi 

US008040093B2 

US 8,040,093 B2 
Oct. 18, 2011 

(10) Patent N0.: 
(45) Date of Patent: 

(54) MOTOR CONTROLLER 

(75) Inventor: Hirofumi Atarashi, Wako (JP) 

(73) Assignee: Honda Motor Co., Ltd., Tokyo (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 630 days. 

(21) Appl. No.: 12/184,526 

(22) Filed: Aug. 1, 2008 

(65) Prior Publication Data 

US 2009/0033258 A1 Feb. 5, 2009 

(30) Foreign Application Priority Data 

Aug. 3, 2007 (JP) ............................... .. 2007-202883 

(51) Int. Cl. 
H02P 6/14 (2006.01) 

(52) US. Cl. .................. .. 318/400.27; 318/494; 318/802 

(58) Field of Classi?cation Search ........... .. 318/400.27, 

318/494, 802, 801, 811, 762, 757, 400.3, 
318/400.41; 363/131 

See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

5,151,641 A 9/1992 Shamoto 
6,262,896 B1 7/2001 Stancu et al. 

2001/0036097 A1* 11/2001 Kikuchi et al. ............. .. 363/131 

FOREIGN PATENT DOCUMENTS 

EP 1508955 A1 2/2005 
JP 8-331705 A 12/1996 
JP 10-271784 A 10/1998 

JP 11-122980 A 4/1999 
JP 2001-136721 A 5/2001 
JP 2004-187450 A 7/2004 
JP 2006-50706 A 2/2006 
WO 97/02649 A1 1/1997 
WO 2005/076457 A1 8/2005 

OTHER PUBLICATIONS 

European Search Report dated Jan. 22, 2009, issued in corresponding 
European Patent Application No. 081615122. 
Japanese Of?ce Action dated Jun. 23, 2009 (mailed date), issued in 
corresponding Japeanese Patent Application No. 2007-202883. 

* cited by examiner 

Primary Examiner * Karen Masih 

(74) Attorney, Agent, or Firm * Westerman, Hattori, 
Daniels & Adrian, LLP 

(57) ABSTRACT 

A motor controller for an axial-gap motor permits a reduced 
siZe of the entire system of including a drive circuit and a 
poWer source of the motor, reduced cost, and higher reliability 
to be achieved by controlling the energiZation mode of the 
motor. The motor controller has a torque command deter 
miner Which inputs a ?rst DC voltage to a ?rst inverter at least 
either When a rotor is at a halt or When the number of revolu 
tions of the rotor is a predetermined number of revolutions or 
less, supplies a ?eld axis current for changing the magnetic 
?ux of a ?eld of the rotor to a ?rst stator from the ?rst inverter 
such that the amount of energiZation is temporally changed, 
converts an induced voltage developed in a second stator by 
the supplied ?eld axis current into a second DC voltage by a 
second inverter, and outputs the second DC voltage, thereby 
charging a second battery. 

7 Claims, 8 Drawing Sheets 
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MOTOR CONTROLLER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a controller for an axial 

gap motor. 
2. Description of the Related Art 
Hitherto, there has been knoWn an axial-gap motor 

equipped With a rotor having permanent magnets, tWo stators 
provided, one each of Which is disposed on each side of the 
rotor in the rotational axial direction of the rotor, and armature 
Windings Wrapped around each of the stators, as disclosed in, 
for example, Japanese Patent Application Laid-Open No. 
Hl0-27l784 (hereinafter referred to as cited document 1) and 
Japanese Patent Application Laid-Open No. 2001-136721 
(hereinafter referred to as cited document 2). Such an axial 
gap motor is capable of generating a relatively high output 
torque While achieving a reduced length of the rotor of the 
motor in the axial direction. 

According to the techniques disclosed in the above cited 
documents 1 and 2, the energiZation of an axial-gap motor is 
controlled by the passage of current through the armature 
Windings of the tWo stators, one each of Which is disposed on 
each side of the rotor. This arrangement reduces the leakage 
of magnetic ?uxes in the armatures of the stators, thus leading 
to increased output torque of the motor. 

Here, it is conceivable to operate the axial-gap motor also 
as a generator, so that the motor runs in a poWer running mode 
and a regenerating mode. HoWever, the cited documents 1 and 
2 do not refer to any construction for operating the axial-gap 
motor in an energiZation mode for running the motor in a 
regenerative mode or the like other than the one for operating 
the motor in a poWer running mode. 

SUMMARY OF THE INVENTION 

The present invention has been made With a vieW of the 
background described above, and it is an object of the inven 
tion to provide a motor controller Which controls the energi 
Zation mode of an axial- gap motor, thereby making it possible 
to achieve a smaller siZe, loWer cost, and higher reliability of 
the entire controller including a drive circuit and a poWer 
source of the motor. 

To this end, the present invention provides a controller for 
an axial- gap motor equipped With a rotor, and a ?rst stator and 
a second stator installed, opposing each other With the rotor 
interposed therebetWeen in the rotational axial direction of 
the rotor. The ?rst stator and the second stator have coils for a 
plurality of phases. 

The motor controller in accordance With the present inven 
tion includes a ?rst inverter connected to the ?rst stator, a 
second inverter connected to the second stator, and a voltage 
conversion controller Which inputs a ?rst DC voltage to the 
?rst inverter to supply a ?eld axis current for changing the 
magnetic ?ux of a ?eld of the rotor to the ?rst stator from the 
?rst inverter While temporally changing the amount of the 
?eld axis current, and converts an induced voltage produced 
in the second stator according to the supplied ?eld axis cur 
rent into a second DC voltage by the second inverter and then 
outputs the second DC voltage in at least one of tWo cases 
Where the rotor is at a halt and Where the number of revolu 
tions of the rotor is a predetermined number of revolutions or 
less. 

With this arrangement, the voltage conversion controller 
inputs a ?rst DC voltage to the ?rst inverter and supplies the 
?eld axis current to the ?rst stator from the ?rst inverter While 
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2 
temporally changing the amount of the ?eld axis current 
either in the case Where the rotor is at a halt and no regenera 
tive voltage is produced at the second stator or in the case 
Where the number of revolutions of the rotor is a predeter 
mined number of revolutions or less and the regenerative 
voltage produced at the second stator remains loW or in both 
cases. 

Further, it is possible to develop an induced voltage at the 
second stator by supplying the ?eld axis current to the ?rst 
stator and to convert the induced voltage into a second DC 
voltage by the second inverter and then to output the second 
DC voltage. Hence, even if the rotor is at halt or the number of 
revolutions of the rotor is the predetermined number of revo 
lutions or less, the con?guration established by the ?rst 
inverter, the motor, and the second inverter functions as a 
DC/DC converter, making it possible to obtain the second DC 
voltage from the ?rst DC voltage. 

This arrangement obviates the need for a separate DC/DC 
converter to be provided to convert the ?rst DC voltage into 
the second DC voltage, thus alloWing the entire controller 
including the drive circuit and the poWer source of the motor 
to be smaller and less costly. Moreover, the reduced number 
of components permits higher reliability. 
The voltage conversion controller carries out a poWer 

running/regenerative operation Whereby drive current is sup 
plied to the ?rst stator from the ?rst inverter to operate the 
motor in a poWer running mode and a regenerative voltage 
produced in the second stator according to a revolution of the 
rotor is converted into a DC voltage by the second inverter and 
then the DC voltage is output, and While the poWer-running/ 
regenerative operation is being carried out, the drive current is 
supplied to the ?rst stator from the ?rst inverter and the ?eld 
axis current is also supplied While temporally changing the 
amount of the ?eld axis current to be supplied, and a regen 
erative voltage produced at the second stator according to a 
revolution of the rotor and an induced voltage produced in the 
second stator according to the supplied ?eld axis current are 
converted into the second DC voltage by the second inverter 
and then the second DC voltage is output. 

With this arrangement, the voltage conversion controller 
supplies the drive current to the ?rst stator from the ?rst 
inverter While the poWer-running/regenerative operation is 
being carried out and also supplies the ?eld axis current While 
temporally changing the amount of the ?eld axis current. 
Thus, the regenerative electric poWer generated at the second 
stator according to a revolution of the rotor makes it possible 
to increase the electric poWer produced from the second DC 
voltage output from the second inverter according to the 
supplied ?eld axis current in the case Where there is a shortage 
of electric poWer from the second DC voltage output from the 
second inverter. 

Further, if the number of revolutions of the rotor is a pre 
determined number of revolutions or less and the drive cur 
rent is a predetermined current value or more While the 
poWer-running/regenerative operation is being carried out, 
the voltage conversion controller supplies the drive current by 
means of rectangular-Wave energiZation to the ?rst stator 
from the ?rst inverter. 

With this arrangement, if the number of revolutions of the 
rotor is a predetermined number of revolutions or less and the 
drive current is a predetermined current value or more, the 
drive current is supplied in a rectangular-Wave energiZation 
mode to the ?rst stator from the ?rst inverter, making it 
possible to reduce the peak value of the drive current, as 
compared With typical drive current supply in a sinusoidal 
Wave energiZation mode. This alloWs the upper limit of the 
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drive current that can be supplied to be extended, leading to an 
expanded control range of the motor. 

The motor controller in accordance With the present inven 
tion further includes an AC poWer source connector for con 

necting With anAC poWer source, anAC/DC converter Which 
is connected betWeen the AC poWer source connector and the 
?rst inverter and Which converts an AC voltage output from 
the AC poWer source into a DC voltage When the AC poWer 
source is connected to the AC poWer source connector, and 
then outputs the DC voltage to the ?rst inverter, and a DC 
poWer source connected to the second inverter, Wherein the 
voltage conversion controller de?nes the DC voltage supplied 
to the ?rst inverter from the AC/ DC converter as the ?rst DC 
voltage, supplies the ?eld axis current to the rotor from the 
?rst inverter While temporally changing the amount of the 
?eld axis current When the AC poWer source is connected to 
the AC poWer source connector, converts an induced voltage 
generated in the second stator according to the supplied ?eld 
axis current into a DC voltage by the second inverter, and 
charges the DC poWer source With the DC voltage. 

With this arrangement, connecting the poWer source con 
nector to anAC poWer source, e.g., the outlet of a commercial 
AC poWer source provided in a house, makes it possible to 
convert an AC voltage supplied from the commercial AC 
poWer source into the second DC voltage by the combination 
of the AC/ DC converter, the ?rst inverter, the motor, and the 
second inverter so as to charge the DC poWer source With the 
obtained second DC voltage. 

Further, the rotor has the ?eld poles of permanent magnets 
and the ?eld poles of unmagnetiZed magnetic members, 
Which are alternately disposed in the circumferential direc 
tion, one of the N-pole and the S-pole of the permanent 
magnets is provided, opposing the ?rst stator, While the other 
pole is provided, opposing the second stator. 

This arrangement makes it possible to enhance the cou 
pling coe?icient of the ?rst stator and the second stator as a 
transformer, thereby achieving higher ef?ciency of the con 
?guration of the ?rst inverter, the motor, and the second 
inverter When the con?guration functions as a DC/DC con 
verter. 

Further, the ?eld poles of the unmagnetiZed magnetic 
members are formed such that the magnetic resistance 
changes in the circumferential direction. 

This arrangement makes it possible to further enhance the 
coupling coef?cient of the ?rst stator and the second stator as 
a transformer, thereby achieving higher e?iciency of the con 
?guration composed of the ?rst inverter, the motor, and the 
second inverter When the con?guration functions as a DC/DC 
converter. 

Further, the cross-sectional area of a magnetic circuit of the 
?rst stator and the cross-sectional area of a magnetic circuit of 
the second stator are the same. 

This arrangement makes it possible to enhance the cou 
pling coe?icient of the ?rst stator and the second stator as a 
transformer, thereby achieving higher ef?ciency of the con 
?guration of the ?rst inverter, the motor, and the second 
inverter When the con?guration functions as a DC/DC con 
verter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a vehicle provided 
With a motor controller according to the present invention; 

FIGS. 2(a) and 2(b) are explanatory diagrams of the con 
struction of an axial-gap motor; 
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4 
FIGS. 3(a) and 3(b) are explanatory diagrams illustrating 

armature Windings Wrapped around a ?rst stator and a second 
stator, respectively; 

FIG. 4 is a block diagram shoWing the functional con?gu 
ration of the motor controller; 

FIG. 5 is a con?guration diagram of a drive circuit of the 

motor; 
FIG. 6 is a ?owchart of the procedure for charging a second 

battery; 
FIGS. 7(a) to 7(c) are diagrams illustrating another con 

struction example of the motor; and 
FIGS. 8(a) to 8(c) are diagrams illustrating still another 

construction example of the motor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention Will be described 
With reference to FIG. 1 to FIG. 8. 

First, referring to FIG. 1, the schematic construction of a 
vehicle provided With a motor controller according to the 
present invention Will be described. A vehicle 1 in the present 
embodiment is a parallel type hybrid vehicle and provided 
With an internal combustion engine 2 as the main driving 
poWer generating source thereof and a motor 3 as an auxiliary 
driving poWer generating source. The motor 3 is an axial-gap 
motor equipped With a rotor 11, a ?rst stator 12a, and a second 
stator 12b. The motor 3 is further equipped With a resolver 14 
Which detects the rotational angle of the rotor 11. 
An output shaft 211 of the internal combustion engine 2 is 

coaxially and directly connected to a rotating shaft 3a Which 
rotates integrally With the rotor 11 of the motor 3. The output 
shaft 211 of the internal combustion engine 2 and the rotating 
shaft 311 of the motor 3 may be connected through the inter 
mediary of a poWer transmitting device, such as a speed 
reducer. The output shaft 211 and the rotating shaft 311 are 
connected to the input end of a transmission 5 via a clutch 4. 
The output end of the transmission 5 is connected to driving 
Wheels 7 and 7 of the vehicle 1 through the intermediary of a 
differential gear unit 6. 

In the vehicle 1, an output torque of the internal combustion 
engine 2 or a torque obtained by adding an output torque, i.e., 
a poWer running torque, of the motor 3 thereto is transmitted 
as the driving poWer of the vehicle 1 to the driving Wheels 7 
and 7 through the intermediary of the clutch 4, the transmis 
sion 5, and the differential gear unit 6. This causes the vehicle 
1 to travel. The motor 3 generates electric poWer for the motor 
3 by using the kinetic energy of the vehicle 1 transmitted to 
the motor 3 from the driving Wheels 7 and 7, While at the same 
time carries out the regenerative operation to charge a battery, 
Which is the poWer source of the motor 3, With the generated 
electric energy. The regenerative torque generated by the 
motor 3 in a regenerative operation mode serves as a braking 
force of the vehicle 1. 
The vehicle 1 is provided With a controller 8 Which controls 

the operation of the motor 3. The controller 8 receives a 
detection value 0m_s of the rotational angle of the rotor 11 
from the resolver 14, a torque command value Tr1_c1, Which 
is a required value of a torque from the ?rst stator 12a of the 
motor 3, a torque command value Tr2_c1, Which is a required 
value of a torque from the second stator 12b of the motor 3, 
and information on electric accessory devices, such as an air 
conditioner, audio equipment, and the like mounted in the 
vehicle 1. The torque command values Tr1_c1 and Tr2_c1 are 
determined on the basis of the manipulated variable of an 
accelerator gas pedal or the manipulated variable of a brake 
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pedal, the vehicle speed, and the like of the vehicle 1 by a 
vehicle drive controller (not shown) engaged in the overall 
drive control of the vehicle 1. 

The controller 8 controls the current supplied to the arma 
ture Windings of the ?rst stator 12a and the second stator 12b 
such that a torque based on the torque command values 
Tr1_c1 and Tr2_c1 is generated in the motor 3. 

FIGS. 2(a) and 2(b) are perspective vieWs illustrating the 
structures of the rotor 11, the ?rst stator 12a and the second 
stator 12b of the motor 3. FIG. 2(a) illustrates the rotor 11, the 
?rst stator 12a, and the second stator 12b in the motor 3 in an 
assembled state. FIG. 2(b) illustrates the rotor 11, the ?rst 
stator 12a, and the second stator 12b of the motor 3 in an 
exploded manner. 

The rotor 11 is constituted of a frame assembly 14 com 
posed of a nonmagnetic material and a plurality of permanent 
magnets 15 attached to the frame assembly 14. The frame 
assembly 14 is constructed of a disc-shaped base member 16, 
an annular member 17 coaxially disposed around the base 
member 16 With an interval provided betWeen itself and the 
outer circumferential surface of the base member 16 in the 
radial direction, and a plurality of partitioning plates 18 con 
necting the base member 16 and the annular member 17, 
Which are all formed into one piece. As indicated by the 
virtual lines in FIG. 2(a), the rotating shaft 311 is coaxially 
attached to the base member 16. 

The plurality of partitioning plates 18 is radially extended 
betWeen the outer circumferential surface of the base member 
16 and the inner circumferential surface of the annular mem 
ber 17, and disposed at equiangular intervals around the axial 
center of the rotor 1 1. Further, each of the permanent magnets 
15 is ?tted in each space surrounded by the outer circumfer 
ential surface of the base member 16, the inner circumferen 
tial surface of the annular member 17, and the partitioning 
plates 18, 18 adjoining each other in the circumferential 
direction of the rotor 1 1, the permanent magnets 15 having the 
same shape, namely, a fan shape, as that of the space. Thus, 
the plurality of permanent magnets 15 is arranged at equian 
gular intervals about the axial center of the rotor 11 betWeen 
the base member 16 and the annular member 17. 

Each of the permanent magnets 15 is a magnet, one surface 
of Which in the direction of the thickness thereof, i.e., in the 
axial direction of the rotor 11, is the N-pole, While the other 
surface is the S-pole. In permanent magnets 15 and 15 adjoin 
ing each other in the circumferential direction of the rotor 11, 
the magnetic poles of their surfaces on the same side in the 
direction of their Width are opposite from each other, as 
illustrated by the permanent magnets 15 in FIG. 2(b). In other 
Words, the plurality of permanent magnets 15 of the rotor 11 
are arranged such that the directions (the directions along the 
axial direction of the rotor 11) of the magnetic ?uxes of the 
permanent magnets 15 and 15 adjoining in the circumferen 
tial direction of the rotor 11 Will be opposite from each other. 

In the example illustrated in FIG. 2(a) and FIG. 2(b), the 
number of the permanent magnets 15 is tWelve, and the num 
ber of pairs of poles of the rotor 11 is six. Alternatively, the 
permanent magnets may be disposed separately on one sur 
face and the other surface in the axial direction of the rotor 11. 

The ?rst stator 12a and the second stator 12b share the 
same construction except for their thickness. As illustrated in 
FIG. 2(b), the ?rst stator 1211 has a plurality of teeth 2011, 
Which are provided on one surface of the tWo end surfaces of 
an annular base member 1911 in the axial direction thereof 
such that the teeth 2011 project in the axial direction of the base 
member 1911, the teeth 2011 being arranged at equiangular 
intervals around the axial center of the base member 19a. 
Similarly, the second stator 12b has a plurality of teeth 20b 
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6 
Which are protrusively provided in the axial direction of an 
annular base member 19b at equiangular intervals around the 
axial center of the base member 19b. 
The base members 19a, 19b and the teeth 20a, 20b are 

integrally formed using magnetic materials. In the example 
illustrated in FIG. 2(a) and FIG. 2(b), the number of the teeth 
20a of the ?rst stator 12a is thirty-six and the number of the 
teeth 20b of the second stator 12b is thirty-six. 

FIG. 3(a) is a sectional vieW of the ?rst stator 12a and the 
second stator 12b. As illustrated in FIG. 2(b) and FIG. 3(a), 
the ?rst stator 1211 has armature Windings 22a installed in a 
slot 2111, Which is a groove betWeen teeth 20a and 20a adj oin 
ing each other in the circumferential direction. Similarly, the 
second stator 12b has armature Windings 22b in a slot 21b, 
Which is a groove betWeen the teeth 20b and 20b adjoining 
each other. 

In the present embodiment, the armature Windings 22a 
installed on the ?rst stator 12a and the armature Windings 22b 
installed on the second stator 12b cover three phases (the 
U-phase, the V-phase, and the W-phase). The manner in 
Which the armature Windings 2211 are Wrapped around the ?rst 
stator 12a and the manner in Which the armature Windings 
22b are Wrapped around the second stator 12b are the same. 
The armature Windings 22a for the individual phases of the 

?rst stator 1211 are Wrapped around the ?rst stator 1211 such 
that the same number of Winding loops as the number of the 
permanent magnets 15 of the rotor 11 are formed at equian 
gular intervals in the circumferential direction of the ?rst 
stator 12a, as observed in the axial direction of the ?rst stator 
12a. The same applies to the armature Windings 22b of the 
second stator 12b. 

Further, the Winding pattern of the armature windings 22a 
of the ?rst stator 12a is the same as the Winding pattern of the 
armature Windings 22b of the second stator 12b, but the 
number of turns of the armature Windings 22b is set to be 
smaller than that of the armature Windings 2211. With this 
arrangement, When a predetermined drive voltage is applied 
to the armature Windings 22a of the ?rst stator 12a to rotate 
the rotor 1 1, a voltage generated in the armature Windings 22b 
of the second stator 12b Will be loWer than the predetermined 
drive voltage. 
The diameter of the armature Windings 22a of the ?rst 

stator 12a is larger than that of the armature Windings 22b of 
the second stator 12b, thus making the second stator 22b 
thinner than the ?rst stator 22a. 

In the motor 3 in the assembled state, the ?rst stator 12a and 
the second stator 12b are disposed coaxially With the rotor 11, 
one each, on either side of the rotor 11 in the axial direction, 
With the rotor 11 interposed betWeen the ?rst stator 12a and 
the second stator 12b, as illustrated in FIG. 2(a), and secured 
to a housing (not shoWn) of the motor 3. In this case, the distal 
surfaces of the teeth 20a of the ?rst stator 12a and the teeth 
20b of the second stator 12b closely oppose the rotor 11. 

In the present embodiment, as observed in the axial direc 
tion of the rotor 11, the ?rst stator 12a and the second stator 
12b are installed in the motor 3 such that the position of each 
of the teeth 20a of the ?rst stator 1211 (the angular position 
about the axial center) aligns With the position of each of the 
teeth 20b of the second stator 12b (the angular position about 
the axial center). 
More speci?cally, the individual teeth 20a of the ?rst stator 

12a and the individual teeth 20b of the second stator 12b are 
assembled such that they exactly oppose each other in the 
axial direction of the rotor 11. The armature Winding 22a of a 
phase of the ?rst stator 12a and the armature Winding 22b of 
the second stator 12b of the same phase as that of the ?rst 
stator 1211 are Wrapped around the ?rst stator 12a and the 
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second stator 12b, respectively, such that, for each phase, the 
winding loops of the armature windings 22a of the ?rst stator 
12a and the winding loops of the armature windings 22b of 
the second stator 12b oppose each other in the axial direction 
of the rotor 11 (such that the winding loops of the ?rst stator 
12a and the winding loops of the second stator 12b are posi 
tioned at the same angle, as observed in the axial direction of 
the rotor 11). 

Therefore, if the armature winding 22a of a phase of the 
?rst stator 12a and the armature winding 22b of the second 
stator 12b of the same phase as that of the armature winding 
22a are energiZed by current of the same phase, then the 
magnetic ?ux generated by the armature winding 22a of the 
?rst stator 12a and the magnetic ?ux generated by the arma 
ture winding 22b of the second stator 12b mutually enhance 
each other to a maximum in the axial direction of the rotor 11 
for each phase. 

In the present embodiment, the ?rst stator 12a and the 
second stator 12b have the same construction expect for their 
thicknesses, so that the magnetic circuit sectional areas (the 
sectional area of the ?ux path) for each phase of the ?rst stator 
12a and the second stator 12b are the same. Here, as illus 
trated in FIG. 3(b) in connection with the ?rst stator 12a, the 
magnetic circuit sectional area refers to a sectional area Cs1 in 
the axial direction of the tooth 20a and the sectional area Cs2 
in the circumferential direction of the base member 1911. The 
same applies to the second stator 12b. 

Referring now to FIG. 4, the construction of the controller 
8 will be described. FIG. 4 is a block diagram illustrating the 
functional construction of the controller 8. The controller 8 is 
composed of an electronic circuit unit which includes a 
microcomputer and the like. In the following description, 
reference numeral 13a is assigned to the armature winding for 
each phase wrapped around the ?rst stator 12a, and reference 
numeral 13b is assigned to the armature winding for each 
phase wrapped around the second stator 12b, as illustrated in 
FIG. 4. 

First, the processing for controlling the motor 3 carried out 
by the controller 8 will be schematically described. In the 
present embodiment, the so-called d-q vector control is con 
ducted to control the energiZing current (phase current) sup 
plied to the armature winding 13a for each phase of the ?rst 
stator 12a of the motor 3 and the armature winding 13b for 
each phase of the second stator 12b. In other words, the 
controller 8 converts armature windings 13a, 13a and 13a for 
the three phases of the ?rst stator 12a and armature windings 
13b, 13b and 13b for the three phases of the second stator 12b 
into equivalent circuits on two-phase DC d-q coordinate sys 
tem to handle all the armature windings. 

The equivalent circuits corresponding to the ?rst stator 12a 
and the second stator 12b respectively have armatures on a 
d-axis (hereinafter referred to as the d-axis armatures) and 
armatures on a q-axis (hereinafter referred to as the q-axis 
armatures). The d-q coordinate system is a rotary coordinate 
system which sets the direction of a ?eld produced by the 
permanent magnets 15 of the rotor 11 on the d-axis and sets 
the direction orthogonal to the d-axis on the q-axis and which 
rotates integrally with the rotor 11 of the motor 3. 

Further, the controller 8 controls the respective phase cur 
rents of the armature winding 13a of the ?rst stator 12a of the 
motor 3 and the armature windings 13b of the second stator 
12b of the motor 3 such that a torque based on a torque 
command value Tr1_c1 for the ?rst stator 12a and a torque 
command value Tr2_c1 for the second stator 12b is output 
from the rotating shaft 311 of the motor 3. 

In this case, the controller 8 supplies the drive current to the 
armature windings 13a of the ?rst stator 12a to operate the 
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8 
motor 3 in the power running mode if the torque command 
value Tr1_c1 is positive. If the torque command value Tr1_c1 
is negative, then the controller 8 recovers the regenerative 
power produced in the armature windings 13a of the ?rst 
stator 12a to operate the motor 3 in the regenerative operation 
mode. 

Similarly, the controller 8 supplies the drive current to the 
armature windings 13b of the second stator 12b to operate the 
motor 3 in the power running mode when the torque com 
mand value Tr2_c1 is positive. If the torque command value 
Tr2_c1 is negative, then the controller 8 recovers the regen 
erative power produced in the armature windings 13b of the 
second stator 12b to operate the motor 3 in the regenerative 
operation mode. 

If both torque command values Tr1_c1 and Tr2_c1 are 
positive, then the controller 8 supplies the drive current to 
both the armature windings 13a of the ?rst stator 12a and the 
armature windings 13b of the second stator 12b. This permits 
an increase in the output torque of the motor 3 in the power 
running mode. 

If the torque command value Tr1_c1 is positive, while the 
torque command value Tr2_c1 is negative, then the controller 
8 supplies the drive current to the armature windings 13a of 
the ?rst stator 12a to operate the motor 3 in the power running 
mode and also recovers the regenerative electric power pro 
duced in the armature windings 13b of the second stator 12b 
by the rotation of the rotor 11. 

Similarly, if the torque command value Tr1_c1 is negative, 
while the torque command value Tr2_c1 is positive, then the 
controller 8 supplies the drive current to the armature wind 
ings 13b of the second stator 12b to operate the motor 3 in the 
power running mode and also recovers the regenerative elec 
tric power produced in the armature windings 13a of the ?rst 
stator 1211 by the rotation of the rotor 11. 

If both torque command values Tr1_c1 and Tr2_c1 are 
negative, then the controller 8 recovers the regenerative elec 
tric power produced in the armature windings 13a of the ?rst 
stator 12a and the armature windings 13b of the second stator 
12b by the rotation of the rotor 11. This permits an increase in 
the regenerative torque of the motor 3 in the regenerative 
operation mode. 
The controller 8 is equipped with a torque command deter 

miner 50 which determines a torque command value Tr1_c2 
for the ?rst stator 1211, a d-axis current superposition com 
mand value Idf for the ?rst stator 1211, a torque command 
value Tr2_c2 for the second stator 12b, and an energiZation 
waveform command WAVE for instructing a switchover 
between sinusoidal-wave energiZation and rectangular-wave 
energiZation on the basis of the torque command values 
Tr1_c1 and Tr2_c1 received from an outer source, the infor 
mation on electric accessory devices, and a detection value 
VL_s of a terminal-to-terminal voltage of a second battery 
38b. 
The controller 8 is also equipped with a ?rst current com 

mand determiner 3011 which determines a d-axis current com 
mand value Id_c1, which is a command value of the current of 
the d-axis armatures of the ?rst stator 1211 (the current corre 
sponding to the ?eld axis current in the present invention; 
hereinafter referred to as the “d-axis current”) and a q-axis 
current command value Iq_c1, which is a command value of 
the current of the q-axis armatures (hereinafter referred to as 
the “q-axis current”) on the basis of the torque command 
value Tr1_c1 and the number of revolutions of the rotor 11 

(dGm/dt). 
The controller 8 is further equipped with a ?rst current 

controller 40a which determines a d-axis voltage command 
value Vd_c1, which is a command value of the voltage of the 
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d-axis armatures of the ?rst stator 1211 (hereinafter referred to 
as the “d-axis voltage”) and a q-axis voltage command value 
Vq_c1, Which is a command value of the voltage of the q-axis 
armatures (hereinafter referred to as the “q-axis voltage”) on 
the basis of the d-axis current command value ld_c1, the 
q-axis current command value lq_c1, and the d-axis current 
superposition command value ldf of the ?rst stator 12a. 
The controller 8 is further equipped With current sensors 

33a and 34a for detecting the phase currents of the armature 
Windings 13a and 13a of tWo phases, e.g., the U-phase and the 
W-phase, out of the armature Windings 13a, 13a and 13a for 
three phases of the ?rst stator 12a, and a dq converter 36a 
Which calculates a d-axis current detection value ld_s1 as a 
detection value (estimated value) of the d-axis current of the 
?rst stator 12a and a q-axis current detection value lq_s1 as a 
detection value (estimated value) of the q-axis current on the 
basis of a current detection value lu_s1 of the armature Wind 
ing 13a of the U-phase of the ?rst stator 12a and a current 
detection value lW_s1 of the armature Winding 13a of the 
W-phase obtained by passing the outputs of the current sen 
sors 33a and 3411 through a band-pass (BP) ?lter 35a. The BP 
?lter 35a is a ?lter having a band-pass characteristic for 
removing noise components from the outputs of the current 
sensors 33a and 34a. 

The dq converter 36a coordinate-converts, according to 
expression (1) given beloW, the current detection value lu_s1 
of the armature Winding 13a of the U-phase, the current 
detection value lW_s1 of the armature Winding 13a of the 
W-phase, and the current detection value lv_s1 of the arma 
ture Winding 13a of the V-phase calculated from the above 
tWo detection values (lV_S1:—l11_S1—lW_S1) of the ?rst stator 
1211 on the basis of an electrical angle 0e of the rotor 11 
calculated by multiplying the detection value 0m_s of the 
rotational angle of the rotor 11 supplied by the resolver 14 by 
the number of pairs of poles of the rotor 11. Thus, the dq 
converter 36a calculates the d-axis current detection value 
ld_s1 and the q-axis current detection value lq_s1 by the 
aforesaid coordinate conversion. 

Iuisl (1) 
Idisl 2 

[ ]= — -A(0e)- Ivisl Iqisl 3 
IWiSl 

Where, 

2 2 
c0502 cos(0e — gn) cos(0e + 5n) 

A(0e) : 

The ?rst current controller 40a is equipped With an adder 
48 Which adds the d-axis current command value ld_c1 and 
the d-axis current superposition command value ldf, a sub 
tractor 4111 Which determines a difference Aldl betWeen the 
calculated value supplied by the adder 48 (ld_c1+ldf) and the 
d-axis current detection value ld_s1 (Ald1:ld_c1—ld_s1), a 
d-axis current PI controller 4211 Which calculates a d-axis 
voltage basic command value Vd1_c1 by feedback control 
based on the proportional-integral control (hereinafter 
referred to as the “Pl control”) laW such that the difference 
Aldl is eliminated or approximated to Zero, a subtractor 45a 
Which determines a difference Alql betWeen a q-axis current 
command value lq_c1 and the d-axis current detection value 
lq_s1 (Alq1:lq_c1—lq_s1), a q-axis current PI controller 46a 
Which calculates a q-axis voltage basic command value 
Vq1_c1 by feedback control based on the Pl control laW such 
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10 
that the difference Alql is eliminated or approximated to 
Zero, and a non-interactive controller 44a Which determines a 

d-axis voltage correction amount Vd2_c1 and a q-axis voltage 
correction amount Vq2_c1 for cancelling a speed electromo 
tive force Which causes mutual interference betWeen the 
d-axis and the q-axis. 
The non-interactive controller 44a calculates the d-axis 

correction amount Vd2_c1 from the q-axis current command 
value lq_c1 and a rotor angular velocity calculated by differ 
entiating the rotor angle detection value 0m_s, and also cal 
culates the q-axis correction amount Vq2_c1 from the added 
value of the d-axis current command value ld_c1 and the 
d-axis current superposition command value ldf, and the rotor 
angular velocity. 
The ?rst current controller 40a further includes an adder 

4311 Which determines a ?nal d-axis voltage command value 
Vd_c1 by adding the correction amount Vd2_c1 to the d-axis 
voltage basic command value Vd1_c1, and an adder 4711 
Which determines a ?nal q-axis voltage command value 
Vq_c1 by adding the correction amount Vq2_c1 to the q-axis 
voltage basic command value Vq1_c1. 
The controller 8 is provided With a three-phase converter 

3111 Which determines the phase voltage command values 
Vu_c1, Vv_c1, and VW_c1 of the armature Windings 13a of 
the U-phase, the V-phase, and the W-phase, respectively, of 
the ?rst stator 1211 from the d-axis voltage command value 
Vd_c1 and the q-axis voltage command value Vq_c1, a ?rst 
inverter 3211 Which energiZes the armature Windings 13a of 
the individual phases of the ?rst stator 1211 on the basis of the 
above phase voltage command values Vu_c1, Vv_c1, and 
VW_c1, and a ?rst battery 3811 Which supplies electric poWer 
to the ?rst inverter 32a. 
The three-phase converter 31a coordinate-converts the 

d-axis voltage command value Vd_c1 and the q-axis voltage 
command value Vq_c1 on the basis of the electrical angle 0e 
of the rotor 11 according to expression (2) given beloW 
thereby to calculate the phase voltage command values 
Vu_c1, Vv_c1, andVW_c1. In expression (2), A(0e)T denotes 
a transposed matrix of a matrix A(0e) de?ned by the note in 
expression (I) mentioned above. 

Vuicl (2) 
2 Vdicl 

Vvicl : - -A(0e)T 
3 Vqicl 

VWiCl 

The controller 8 further includes a second current com 
mand determiner 30b Which determines the d-axis current 
command value ld_c2 and the q-axis current command value 
lq_c2 of the armature Windings 13b of the second stator 12b 
on the basis of the torque command value Tr2_c2 and the 
number of revolutions (d0m/dt) of the rotor 11, a second 
current controller 40b Which determines the d-axis voltage 
command value Vd_c2 and the q-axis voltage command 
value Vq_c2 of the second stator 12b on the basis of the d-axis 
current command value ld_c2 and the q-axis current com 
mand value lq_c2, current sensors 33b and 34b Which detect 
the phase currents of the armature Windings 13b and 13b of 
the U-phase and the W-phase, respectively, among the arma 
ture Windings 13b, 13b and 13b of the three phases of the 
second stator 12b, and a dq converter 3 6b Which calculates the 
d-axis current detection value ld_s2 and the q-axis current 
detection value lq_s2 of the second stator 12b from the cur 
rent detection value lu_s2 of the U-phase armature Winding 
13b and the current detection value lW_s2 of the W-phase 
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armature Winding 13b of the second stator 12b obtained by 
passing the outputs of the current sensors 33b and 34b 
through the BP ?lter 35b. 
As With the dq converter 3611, the dq converter 36b coor 

dinate-converts the current detection value lu_s2 of the 
U-phase armature Winding 13b and the current detection 
value IW_s2 of the W-phase armature Winding 13b of the 
second stator 12b and the current detection value lv_s2 of the 
V-phase armature Winding 13b calculated from the above tWo 
current detection values (lV_S2:—l11_S2—lW_S2) on the basis 
of the electrical angle 0e of the rotor 11, thereby calculating 
the d-axis current detection value ld_s2 and the q-axis current 
detection value lq_s2. 

The second current controller 40b has the same construc 
tion as that of the aforesaid ?rst current controller 40a. The 
second current controller 40b includes a subtractor 41b Which 
determines a difference Ald2 betWeen the d-axis current com 

mand value ld_c2 and the d-axis current detection value ld_s2 
(Ald2:ld_c2—ld_s2), a d-axis current PI controller 42b Which 
calculates a d-axis voltage basic command value Vd1_c2 by 
feedback control based on the Pl control laW such that the 
difference Ald2 is eliminated or approximated to Zero, a sub 
tractor 45b Which determines a difference Alq2 betWeen a 
q-axis current command value lq_c2 and the q-axis current 
detection value lq_s2 (Alq2:lq_c2—lq_s2), a q-axis current 
PI controller 46b Which calculates a q-axis voltage basic 
command value Vq1_c2 by feedback control based on the Pl 
control laW such that the difference Alq2 is eliminated or 
approximated to Zero, and a non-interactive controller 44b 
Which determines a d-axis voltage correction amount Vd2_c2 
and a q-axis voltage correction amountVq2_c2 for cancelling 
a speed electromotive force Which causes mutual interference 
betWeen the d-axis and the q-axis. 

The second current controller 40b further includes an adder 
43b Which determines a ?nal d-axis voltage command value 
Vd_c2 by adding the correction amount Vd2_c2 to the d-axis 
voltage basic command value Vd1_c2, and an adder 47b 
Which determines a ?nal q-axis voltage command value 
Vq_c2 by adding the correction amount Vq2_c2 to the q-axis 
voltage basic command value Vq1_c2. 

The controller 8 is provided With a three-phase converter 
31b Which determines the phase voltage command values 
Vu_c2, Vv_c2, and VW_c2 of the armature Windings 13b of 
the U-phase, the V-phase, and the W-phase, respectively, of 
the second stator 12b from the d-axis voltage command value 
Vd_c2 and the q-axis voltage command value Vq_c2, a sec 
ond inverter 32b Which energiZes the armature Windings 13b 
of the individual phases of the second stator 12b on the basis 
of the phase voltage command values Vu_c2, Vv_c2, and 
VW_c2, and a second battery 38b Which supplies electric 
poWer to the second inverter 32b and Which is charged by 
output poWer of the second inverter 32b. The second battery 
38 corresponds to the DC poWer source in the present inven 
tion. 

The controller 8 further includes a plug 52 (corresponding 
to the AC poWer source connecting means in the present 
invention) for connecting to an outlet (not shoWn) of a com 
mercial AC poWer source (corresponding to the AC poWer 
source in the present invention) provided in a house, an 
AC/DC converter 53 Which, When the plug 52 is connected to 
the outlet and an AC voltage is supplied from the commercial 
AC poWer source, converts the AC voltage into a DC voltage 
and outputs the DC voltage, a connection sensor 54 Which 
detects Whether the plug 52 is in connection With the outlet by 
detecting the presence or absence of an output from the 
AC/DC converter 53, and a sWitch 55 Which sWitches 
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betWeen conduction and shutoff betWeen the AC/DC con 
ver‘ter 53 and the ?rst battery 38a. 
A battery charge controller 56 provided in the controller 8 

issues a control signal Con_c to the sWitch 55 to close the 
sWitch 55 When the connection of the plug 52 to the outlet is 
detected by a connection detection signal Con_s of the con 
nection sensor 54, thereby establishing conduction betWeen 
the AC/ DC converter 53 and the ?rst battery 38a. Further, the 
battery charge controller 56 outputs a control signal Ad_c to 
the AC/ DC converter 53 to control the output voltage of the 
AC/ DC converter 53 such that a ter'minal-to-terminal voltage 
VH_s (corresponding to a ?rst DC voltage in the present 
invention and detected by a voltage sensor, Which is not 
shoWn) of the ?rst battery 38a reaches a predetermined target 
voltage. 

Thus, the plug 52 is connected to the outlet of the commer 
cial AC poWer source to output a DC voltage to the ?rst 
battery 3811 from the AC/DC converter 53, thereby alloWing 
the ?rst battery 38a to be charged. The second battery 38b can 
be charged by carrying out the processing for the case Where 
the number of revolutions of the rotor 11 is Zero. The process 
ing is a part of the processing for charging the second battery, 
Which Will be discussed later. 

FIG. 5 illustrates the constructions of the ?rst inverter 32a 
and the second inverter 32b. In the ?rst inverter 3211, a sWitch 
ing circuit 61a is provided for the armature Winding 13a of 
each phase of the ?rst stator 12a. The sWitching circuit 6111 
has a transistor 62a for turning ON/OFF the connection 
betWeen the armature Windings 13a of the individual phases 
of the ?rst stator 12a and a high potential end (the end indi 
cated by Hi in the ?gure) of the ?rst battery 38a and a tran 
sistor 63a for turning ON/OFF the connection betWeen the 
armature Windings 13a of the individual phases of the ?rst 
stator 12a and a loW potential end (the end indicated by Lo in 
the ?gure) of the ?rst battery 38a. The ?rst inverter 32a turns 
ON/OFF the transistor 62a and the transistor 63a of the 
sWitching circuit 6111 by PWM control so as to change the 
amount of current supplied to each of the armature Winding 
1311. 

Similarly, in the second inverter 32b, a sWitching circuit 
61b is provided for the armature Winding 13b of each phase of 
the second stator 12b. The sWitching circuit 61b has a tran 
sistor 62b for turning ON/OFF the connection betWeen the 
armature Windings 13b of the individual phases of the second 
stator 12b and the high potential end (the end indicated by Hi 
in the ?gure) of the second battery 38b and a transistor 63b for 
turning ON/OFF the connection betWeen the armature Wind 
ings 13b of the individual phases of the second stator 12b and 
the loW potential end (the end indicated by Lo in the ?gure) of 
the second battery 38b. The second inverter 32b turns 
ON/OFF the transistor 62b and the transistor 63b of the 
sWitching circuit 61b by PWM control so as to control the 
amount of current supplied to each armature Winding 13b. 

In the present embodiment, the ter'minal-to-terminal volt 
age of the ?rst battery 38a is set to be higher than the terminal 
to-ter'minal voltage of the second battery 38b. The DC voltage 
input to the ?rst inverter 32a corresponds to the ?rst DC 
voltage in the present invention, and the DC voltage output 
from the second inverter 32b corresponds to the second DC 
voltage in the present invention. 

Then, the torque command determiner 50 causes the con 
?guration composed of the ?rst inverter 3211, the motor 3, and 
the second inverter 32b to function as a DC/DC converter to 
carry out the second battery charging operation for charging 
the second battery 38b according to an operation state of an 
electric accessory device operated from the electric poWer 
supplied from the second battery 38b such that the terminal 
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to-terminal voltage VL_s of the second battery 38b is main 
tained in the vicinity of a high level or a loW level. 

The following Will describe the procedure for carrying out 
the operation for charging the second battery by the torque 
command determiner 50 With reference to the ?owchart illus 
trated in FIG. 6. The con?guration established by the ?rst 
inverter 3211, the motor 3, and the second inverter 32b, Which 
is used by the torque command determiner 50 to make the 
con?guration function as the DC/DC converter to charge the 
second battery 38b corresponds to the voltage conversion 
control means in the present invention. 

The torque command determiner 50 determines in STEP1 
Whether the number of revolutions (dGm/dt) of the rotor 11 is 
Zero, that is, the rotor 11 is not rotating. The torque command 
determiner 50 proceeds to STEP2 if the number of revolu 
tions of the rotor 11 is Zero, or proceeds to STEP10 if the 
number of revolutions of the rotor 11 is not Zero. In STEP2, 
the torque command determiner 50 calculates the torque 
command value Tr1_c2 of the ?rst stator 12a for the ?rst 
current command determiner 3 0a, the torque command value 
Tr2_c2 of the second stator 12b for the second current com 
mand determiner 30b, and the d-axis current superposition 
command value Idf according to expression (3) to expression 
(5) given beloW. 
The torque command determiner 50 applies the accessory 

device load level obtained from accessory device information 
to a map 57 for determining a terminal-to-terminal voltage 
command value VL_c of the second battery 38b illustrated in 
FIG. 4 to acquire a corresponding command value VL_c (the 
high level or the loW level). The data of map 57 for determin 
ing the VL_c is stored in a memory (not shoWn) in advance. 

TrIicZITrI icl (3) 

TrZicZITrZicI (4) 

IdfIKl -AVL-sin w (5) 

Wherein K1: Gain coe?icient; 0t: Fixed frequency; and t: 
Time 

AVLIVLJ- VLJ (6) 

Wherein VL_c: Terminal-to -terminal voltage command 
value of the second battery 38b; and VL_s: Terminal-to 
terminal voltage detection value of the second battery 38b 

Here, When the rotor 11 is at a halt, no induced voltage by 
the regenerative operation is produced at the armature Wind 
ings 13b of the second stator 12b. Hence, the d-axis current 
superposition command value Idf calculated according to the 
above expression (5) is added to the d-axis current command 
value Id_c1, and the d-axis current of the ?rst stator 12a is 
temporally changed by the sinusoidal -Wave energiZation 
thereby to cause the armature Windings 13a of the ?rst stator 
12a and the armature Windings 13b of the second stator 12b to 
function as a transformer. 

This causes the armature Windings 13b of the second stator 
12b to develop an induced voltage based on the sinusoidal 
Wave energiZation of Idf. The induced voltage is converted 
into a DC voltage by the second inverter 32b, and the obtained 
DC voltage is supplied to the second battery 38b to charge the 
second battery 38b. 

Then, in STEP10, the torque command determiner 50 
determines Whether the number of revolutions dGm/dt of the 
rotor 11 is a predetermined number of revolutions Nm or less. 
Here, Nm is set to a level at Which it can be determined that the 
regenerative voltage produced in the armature Windings 13b 
of the second stator 12b is loW due to a small number of 
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revolutions of the rotor 11 and the DC voltage converted and 
output by the second inverter 32b is insu?icient to charge the 
second battery 38b. 

If the number of revolutions d0m/ dt of the rotor 11 is Nm or 
less, then the torque command determiner 50 proceeds to 
STEP 11 to determine Whether the torque command value 
Tr1_c1 of the ?rst stator 12a is a predetermined ?rst torque 
upper value TRQ1 or more (condition 1) and the torque com 
mand value Tr2_c1 of the second stator 12b is a predeter 
mined second torque upper limit value TRQ2 or more (con 
dition 2). 

If at least one of condition 1 and condition 2 holds, then the 
torque command determiner 50 proceeds to STEP12 to set 
SQ, Which denotes the instruction for rectangular-Wave ener 
giZation, in the energiZation Waveform command WAVE. 
MeanWhile, if neither condition 1 nor condition 2 holds, then 
the torque command determiner 50 branches to STEP20 to set 
SIN, Which denotes the instruction for sinusoidal-Wave ener 
giZation, in the energiZation Waveform command WAVE. 

In the subsequent STEP13, the torque command deter 
miner 50 calculates the torque command value Tr1_c2 for the 
?rst current command determiner 3011, the torque command 
value Tr2_c2 for the second current command determiner 
30b, and the d-axis current superposition command Idf 
according to expression (7) to expression (9) given beloW. 

Wherein K2: Gain coe?icient 

wherein K3: Gain coef?cient 

IaQ’IKl -A VL-sin w (9) 

Thus, the torque command value Tr1_c2 of the ?rst stator 
12a is increased on the basis of an insu?icient amount AVL of 
the terminal-to-terminal voltage of the second battery 38b, 
While the torque command value Tr2_c2 of the second stator 
12b is decreased, i.e., the magnitude of a regenerative torque 
is increased, on the basis of the insu?icient amount AVL of 
the terminal-to-terminal voltage of the second battery 38b. 
Further, setting the d-axis current superposition command 
value Idf makes it possible to increase the induced voltage 
produced at the armature Windings 13b of the second stator 
12b. 

Further, if condition 1 and condition 2 described above 
hold and a high torque is required, then the rectangular-Wave 
energiZation is engaged in STEP12, so that the peak current 
supplied to the armature Windings 13a of the ?rst stator 1211 
can be reduced. This makes it possible to increase the current 
supplied to the armature Windings 13a of the ?rst stator 12a, 
thus alloWing the voltage output to the second inverter 32b 
from the second stator 12b to be increased. This in turn 
permits an increase in the charging current supplied to the 
second battery 38b from the second inverter 32b. 
The magnitude of the drive current supplied to the armature 

Windings 13b of the ?rst stator 1211 on the basis of the ?rst 
torque upper limit value TRQ1 corresponds to the predeter 
mined current value of the present invention. In STEP 11, 
STEP 12 and STEP 20, the sWitching betWeen the rectangu 
lar-Wave energiZation and the sinusoidal-Wave energiZation 
has been performed on the basis of the level of the torque 
command value Tr1_c1. Alternatively, hoWever, the sWitch 
ing betWeen the rectangular-Wave energiZation and the sinu 
soidal-Wave energiZation may be performed on the basis of 
the level of the drive current detection value (Iq_s1) of the 
armature Windings 13a of the ?rst stator 12a. 
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Further, in STEP30, the torque command determiner 50 
determines the torque command value Tr1_c2 for the ?rst 
current command determiner 30a and the torque command 
value Tr2_c2 for the second current command determiner 30b 
according to expression (10) and expression (11) given 
below. 

TrIicZITrI icl (10) 

TrZicZITrZicI (1 1) 

IdfIO (12) 

Thus, a current based on the torque command value Tr1_c1 
is supplied to the armature Windings 13a of the ?rst stator 
1211, While a current for producing a regenerative torque based 
on the torque command value Tr2_c1 is recovered from the 
armature Winding 13b of the second stator 12b into the second 
battery 38b through the intermediary of the second inverter 
32b. 

In this case, the induced voltage developed at the armature 
Windings 13b of the second stator 12b is increased due to the 
high-speed rotation of the rotor 11, making it possible to 
supply a su?icient charging current to the second battery 38b 
from the second inverter 32b. Hence, it is not required to 
supply the d-axis current to the armature Windings 13a of the 
?rst stator 12a in order to increase the induced voltage devel 
oped at the armature Windings 13b of the second stator 12b. 
Hence, the d-axis current superposition command value Idf is 
set to Zero according to expression (12) given above. 

In the present embodiment, the torque command deter 
miner 50 has calculated the d-axis current superposition com 
mand value Idf by the PI control according to expression (5) 
and expression (6) given above. Alternatively, hoWever, the 
d-axis current superposition command value Idf may be cal 
culated by the PI control according to expression (13) shoWn 
beloW. 

IdfIKp-A VL+Ki2A VL-sin w (13) 

Wherein Kp: Proportional gain; and Ki: Integral gain 
Referring noW to FIG. 7 and FIG. 8, another construction 

example of the motor 3 Will be described. The example illus 
trated in FIG. 7(a) to FIG. 7(c) has replaced half the magnets 
attached to the rotor by magnetic yokes so as to reduce the 
number of required magnets to half. 

Referring to FIG. 7(a) to FIG. 7(c), a rotor 71 includes a 
?rst stator 72a and a second stator 72b, Which oppose the 
rotor 71, a frame member 74 made of a nonmagnetic material, 
and a plurality of permanent magnets 75 and magnetic yokes 
76, Which are alternately attached to the frame member 74. 
Each of the plurality of magnets 75 is installed such that the 
surface thereof facing the second stator 72b is the N-pole, 
While the other surface thereof facing the ?rst stator 72a is the 
S-pole. 

Altemately disposing the permanent magnets 75 and the 
magnetic yokes 76 as described above makes it possible to 
reduce the number of the permanent magnets 75 to be used 
and also to increase the coupling coe?icient of the ?rst stator 
72a and the second stator 72b as a transformer. This arrange 
ment permits enhanced e?iciency of the con?guration estab 
lished by a ?rst inverter 32a, a motor 3, and a second inverter 
32b to function as a DC/DC converter. 

Furthermore, the magnetic yokes 76 are provided With slits 
81 so as to change the magnetic resistances of the magnetic 
yokes 76 in the circumferential direction of the rotor 71, 
thereby further enhancing the coupling coef?cient of the ?rst 
stator 72a and the second stator 72b as a transformer. 
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1 6 
Referring noW to FIG. 7(a) and FIG. 7(c), the ?rst stator 

7211 has nine teeth 8011 provided such that they project from an 
end surface of an annular base member 7911, the end surface 
opposing the rotor 71, in the axial direction of the base mem 
ber 79a, and the teeth 8011 are arranged at equiangular inter 
vals about the axial center of the base member 7911. Similarly, 
the second stator 72b has nine teeth 80b provided such that 
they project from an end surface of an annular base member 
79b, the end surface opposing the rotor 71, in the axial direc 
tion of the base member 79b, and the teeth 80b are arranged at 
equiangular intervals about the axial center of the base mem 
ber 79b. 
An example illustrated in FIG. 8(a) to FIG. 8(c) has 

replaced the permanent magnets 75 in the construction illus 
trated in FIG. 7(a) to FIG. 7(c) by magnetic blocks 95, each of 
Which is composed of a permanent magnet 95a and magnetic 
surface yokes 95b and 950, Which sandWich the permanent 
magnet 95a. This arrangement also alloWs the number of 
required permanent magnets to be reduced to half. 

Referring to FIG. 8(a) to FIG. 8(c), a rotor 91 is provided, 
opposing a ?rst stator 92a and a second stator 92b, and com 
posed of a frame member 94 made of a nonmagnetic material, 
and a plurality of magnetic blocks 95 and magnetic yokes 96 
alternately arranged and attached to the frame member 94. 
Each of the plurality of magnetic blocks 95 is installed such 

that the end of a permanent magnet 95a that opposes the 
second stator 92b is the N-pole, While the end thereof that 
opposes the ?rst stator 92a is the S-pole. Thus, the use of the 
magnetic blocks 95 makes it possible to further reduce the 
amount of permanent magnet to be used. The magnetic yokes 
96 are provided With slits 101. 

Referring to FIG. 8(a) and FIG. 8(c), the ?rst stator 92a has 
thirty-six teeth 100a provided such that they project from the 
end surface of an annular base member 9911, Which end sur 
face opposes the rotor 91, in the axial direction of the base 
member 9911, the teeth 100a being arranged about the axial 
center of the base member 9911 at equiangular intervals. Simi 
larly, the second stator 92b has thirty-six teeth 100b provided 
such that they project from the end surface of an annular base 
member 99b, Which end surface opposes the rotor 91, in the 
axial direction of the base member 99b, the teeth 100b being 
arranged about the axial center of the base member 99b at 
equiangular intervals. 

In the present embodiment, the characteristics of the arma 
ture Windings 13a and the armature Windings 13b have been 
set such that the induced voltage developed at the armature 
Windings 13b of the second stator 12b is loWer than the 
voltage applied to the armature Windings 13a of the ?rst stator 
12a. With this arrangement, the con?guration established by 
the ?rst inverter 3211, the ?rst stator 1211, the second stator 12b, 
and the second inverter 32b has functioned as a doWncon 
ver‘ter. Conversely, hoWever, the characteristics of the arma 
ture Windings 13a and the armature Windings 13b may be set 
such that the induced voltage developed at the armature Wind 
ings 13b of the second stator 12b is higher than the voltage 
applied to the armature Windings 13a of the ?rst stator 12a, 
thus causing the aforesaid con?guration to function as an 
upconver‘ter. 

Further, in the present embodiment, the operation for 
charging the second battery has been performed by setting the 
?rst inverter 32a as the input end and the second inverter 32b 
as the output end. Alternatively, hoWever, the ?rst battery 
charging operation for charging the ?rst battery 38a may be 
performed by setting the second inverter 32b as the input end 
and the ?rst inverter 3211 as the output end. Further altema 
tively, the operation may be sWitched betWeen the second 
battery charging operation and the ?rst battery charging 
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operation according to the charged states of the ?rst battery 
38a and the second battery 38b. 

In the present embodiment, in STEP11 to STEP12 and 
STEP20 of FIG. 6, the energiZation control over the armature 
Windings 13a of the ?rst stator 12a and the armature Windings 
13b of the second stator 12b has been sWitched betWeen the 
rectangular-Wave energiZation mode and the sinusoidal -Wave 
energiZation mode on the basis of the number of revolutions 
of the rotor 11. The advantages of the present invention, 
hoWever, remain available even if the switching betWeen the 
tWo energiZation modes is not performed. 

Further, in the present embodiment, When carrying out the 
poWer-running/regenerative operation in STEP13 of FIG. 6, 
the d-axis current superposition command value ldf has been 
set to implement the processing for increasing the induced 
voltage produced at the armature Windings 13b of the second 
stator 12b. The advantages of the present invention, hoWever, 
remain available even When such processing is not carried 
out. 

What is claimed is: 
1. A motor controller for an axial-gap motor equipped With 

a rotor, and a ?rst stator and a second stator Which are pro 
vided such that they oppose each other With the rotor inter 
posed therebetWeen in the rotational axial direction of the 
rotor and Which have coils for plurality of phases, the motor 
controller comprising: 

a ?rst inverter connected to the ?rst stator; 
a second inverter connected to the second stator; and 
a voltage conversion controller Which inputs a ?rst DC 

voltage to the ?rst inverter to supply a ?eld axis current 
for changing the magnetic ?ux of a ?eld of the rotor to 
the ?rst stator from the ?rst inverter While temporally 
changing the amount of the ?eld axis current, and con 
ver‘ts an induced voltage produced in the second stator 
according to the supplied ?eld axis current into a second 
DC voltage by the second inverter and outputs the sec 
ond DC voltage in at least one of tWo cases Where the 
rotor is at a halt and Where the number of revolutions of 
the rotor is a predetermined number of revolutions or 
less. 

2. The motor controller according to claim 1, Wherein 
the voltage conversion controller carries out a poWer-run 

ning/regenerative operation Whereby drive current is 
supplied to the ?rst stator from the ?rst inverter to oper 
ate the motor in a poWer running mode, and a regenera 
tive voltage produced in the second stator according to a 
revolution of the rotor is converted into a DC voltage by 
the second inverter and then the DC voltage is output, 
and 

While the poWer-running/regenerative operation is being 
carried out, the drive current is supplied to the ?rst stator 
from the ?rst inverter and the ?eld axis current is also 
supplied to the ?rst stator from the ?rst inverter While 
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18 
temporally changing the amount of the ?eld axis current 
to be supplied, and a regenerative voltage produced in 
the second stator according to a revolution of the rotor 
and an induced voltage produced in the second stator 
according to the supplied ?eld axis current are converted 
into the second DC voltage by the second inverter and 
then the second DC voltage is output. 

3. The motor controller according to claim 2, Wherein 
the voltage conversion controller supplies the drive current 

by rectangular-Wave energiZation to the ?rst stator from 
the ?rst inverter in the case Where the number of revo 
lutions of the rotor is a predetermined number of revo 
lutions or less and the drive current is a predetermined 
current value or more While the poWer-running/regen 
erative operation is being carried out. 

4. The motor controller according to claim 1, further com 
prising: 
anAC poWer source connecting means for connecting With 

an AC poWer source; 
an AC/ DC converter Which is connected betWeen the AC 
poWer source connecting means and the ?rst inverter and 
Which converts anAC voltage output from the AC poWer 
source into a DC voltage When the AC poWer source is 
connected to the AC poWer source connecting means, 
and then outputs the DC voltage to the ?rst inverter; and 

a DC poWer source connected to the second inverter, 
Wherein the moment the AC poWer source is connected to 

the AC poWer source connecting means, the voltage 
conversion controller de?nes the DC voltage supplied to 
the ?rst inverter from the AC/ DC converter as the ?rst 
DC voltage, supplies the ?eld axis current to the rotor 
from the ?rst inverter While temporally changing the 
amount thereof, converts an induced voltage generated 
in the second stator according to the supplied ?eld axis 
current into a DC voltage by the second inverter, and 
charges the DC poWer source With the DC voltage. 

5. The motor controller according to claim 1, Wherein 
the rotor has the ?eld poles of permanent magnets and the 

?eld poles of unmagnetiZed magnetic members, Which 
are alternately disposed in the circumferential direction, 
and the permanent magnets are provided such that one of 
the N-pole and the S-pole of each thereof opposes the 
?rst stator, While the other pole thereof opposes the 
second stator. 

6. The motor controller according to claim 5, Wherein 
the ?eld poles of the unmagnetiZed members are formed 

such that the magnetic resistance changes in the circum 
ferential direction. 

7. The motor controller according to claim 1, Wherein 
the cross-sectional area of a magnetic circuit of the ?rst 

stator and the cross-sectional area of a magnetic circuit 
of the second stator are the same. 

* * * * * 


